In the Minimal Supersymmetric Standard Model (MSSM) the masses of the neutralinos and charginos depend on the gaugino and higgsino mass parameters M , M ′ and µ. If supersymmetry is realized, the extraction of these parameters from future high energy experiments will be crucial to test the underlying theory. We present a consistent method how on-shell parameters can be properly defined at one-loop level and how they can be determined from precision measurements. In addition, we show how a GUT relation for the parameters M and M ′ can be tested at one-loop level. The numerical analysis is based on a complete one-loop calculation. The derived analytic formulae are given in the appendix.
Introduction
If supersymmetry (SUSY) as the most attractive extension of the Standard Model is realized at low energies, the next generation of high energy physics experiments at Tevatron, LHC and a future e + e − linear collider will discover supersymmetric particles. Particularly at a linear collider, it will be possible to perform measurements with high precision [1, 2] which allows to test the underlying SUSY model. For instance, at TESLA [1] the precision of the mass determination of charginos and neutralinos, the supersymmetric partners of the gauge and Higgs bosons, will be ∆mχ±,0 = 0.1 − 1 GeV. To match this accuracy it is indispensable to include higher order radiative corrections. One goal of all analyses based on precise measurements of cross sections, decay branching ratios, masses of supersymmetric particles, etc. will be the reconstruction of the fundamental parameters of the underlying supersymmetric model. In particular, this is needed for extrapolating the parameters to the GUT point to check the unification of the supersymmetry breaking parameters [3, 4] . In the Minimal Supersymmetric Standard Model (MSSM) the chargino and neutralino system depends on the parameters M, M ′ , µ and tan β. M and M ′ are the SU(2) and U(1) gauge mass parameter, µ is the higgsino mass parameter and tan β = with v 1,2 the vacuum expectation values of the two neutral Higgs doublet fields. At lowest order, it was shown in [5, 6] that these parameters can be extracted from the masses and production cross sections in e + e − collisions with polarized electron beams. At higher order, this extraction of the parameters is, however, not trivial. It depends on the definition of the mass matrices (at higher order) and on the renormalization scheme. This is the subject of this paper. In the (scale dependent) DR scheme the one-loop corrections to the chargino/neutralino mass matrix were calculated in [7, 8] . In [9] effective chargino mixing matrices were introduced, which are independent of the renormalization scale. For the on-shell renormalization of the chargino and neutralino system which we adopt here, two methods were proposed [10, 11] . They differ by different counter terms to the parameters M ′ , M and µ. Although both schemes are equivalent in the sense that the observables (masses, cross sections, branching ratios, etc.) are the same, the meaning of the parameters M, M ′ , µ extracted are different. In the following we want to analyze in detail the determination of the parameters of the chargino/neutralino mass matrices at one-loop level in the scheme [11] . We will point out that at one-loop level the values of the on-shell parameters M and µ depend on whether they are determined from the chargino or neutralino system. Another interesting issue is how the GUT relation M ′ = c M (c =
Parameter fixing
In supersymmetry one has several mass matrices due to the mixing of interaction states. We define the on-shell mass matrix such that all elements which are non-zero at tree-level have formally the tree-level form but give the physical masses and rotation matrices. We always start with a certain set of on-shell input parameters. For these we need fixing conditions. All other on-shell entries in the mass matrices can then be calculated. 
is the renormalized selfenergy for the mixing of A 0 and Z 0 . In this study, the physical input for calculating our input on-shell parameters M, µ, and M ′ are the two chargino masses and one neutralino mass. For the other SUSY parameters we use the simplifications A t = A b = A τ = A for the trilinear couplings and MQ
= MQ for the soft breaking sfermion mass parameters. In the DR scheme (at a scale Q) the parametersM andμ are the same in the chargino and neutralino sector. However, the on-shell parameters M and µ get different one-loop corrections and thus have different on-shell values due to different thresholds:
δX ij , δY ij are the counter terms to the elements X ij , Y ij of the chargino and neutralino mass matrix. The corresponding expressions are given in the Appendix. The finite difference can be expressed in terms of the chargino and neutralino mass matrix counter terms
∆µ ≡ µχ
Therefore, we have the freedom to define the input on-shell parameters M and µ in the chargino sector, i.e. M ≡ Mχ + = X 11 , µ ≡ µχ + = X 22 , and obtain corrections in the neutralino sector, or fix M and µ in the neutralino sector, i.e. M ≡ Mχ 0 = Y 22 , µ ≡ µχ 0 = −Y 34 , and get corrections in the chargino mass matrix. For a particular physical situation the elements of the one-loop mass matrices X and Y (with on-shell parameters plus corrections) are given by the measured neutralino, chargino masses and other observables, e. 
The correction ∆Y 11 is due to the same effect and of the same order as ∆M and ∆µ, eq. (12) and (13) . Therefore we include it in our calculations in the cases where gauge unification is explicitly assumed. Because M depends on the fixing this is also the case for ∆Y 11 . Let ∆Yχ + 11 be the correction in the case, where M is fixed in the chargino sector, and ∆Yχ 0 11 the case, where M is fixed in the neutralino sector, it follows
In Fig. 1 
. If M and µ are fixed in the chargino sector (full lines) we get
. The differences between the full and the dashed line are due to ∆M and ∆µ, eqs. (12), (13) and (15) . , MQ, A} = {500, 7, 300, 300, -500} GeV. M ′ fulfills the GUT relation.
Coupling corrections
With the one-loop corrections to the rotation matrices U, V and Z, the gaugino and higgsino characters of the individual chargino and neutralino states change. This can have large effects on decay widths of processes where these particles are involved [17] . The character of the LSP neutralino plays a key role in dark matter theories [12, 13, 14] . In Fig. 3 the correction in the gaugino (higgsino) components of the neutralinoχ Fig. 3a we show that the correction for the lightest neutralino is in the range of 5% (full line). In the case of gauge unification (dashed line) the additional large correction to Y 11 (approx. +10.8% at µ = 370 GeV) leads to a change in the gaugino component up to 30%. In Fig. 3b the corrections for all four neutralinos is given for the same parameter set. In the range between µ = 370 GeV and µ = 400 GeV,χ 0 2 andχ 0 3 are nearly mass-degenerated at tree-level. At one-loop the mass order and -as a consequence -the numbering changes. This is just a small effect in the mass spectrum, but the interchanging of the gaugino and higgsino components is in the range of ±30%.
Parameter analysis
The chargino masses mχ+ 1, 2 and production cross sections can be measured very precisely at a future e + e − linear collider [1, 2] . From these observables the mixing angles cos Φ L,R and by inverting the relations (4) and (5) the fundamental SUSY parameters M, µ and tan β can be obtained in lowest order [5, 6] . If a neutralino mass is known, one can also obtain M ′ at tree-level. However, high precision experiments will make it necessary to take into account one-loop corrections. In the following, we will compare the tree-level approximations and the full one-loop corrected fundamental SUSY parameters. We use as input the two chargino masses, the mass of the lightest neutralino and assume the on-shell tan β is known from the Higgs sector [16] . Calculating the SUSY parameters M and µ from the tree-level mass matrices as given in (1) and (7) leads to a four-fold ambiguity. For comparison we choose the same branch as in [10] . Because we use as input the physical masses this set of tree-level mass matrices X tree , Y tree is different fromX and Y , which give the true tree-level mass eigenvalues. On the other hand, X tree and Y tree are defined to give the right physical (on-shell) chargino masses and one neutralino mass. Note that both X tree (Y tree ) and X (Y ) have the same physical mass eigenvalues ofχ = 203.7 − 5.1. With M fixed in the chargino system we get M ≡ X 11 = M eff + ∆X tree 11 = 325.9 + 1.6. In Fig. 4 and 5a the differences between the effective parameters in Y tree , X tree and the properly defined one-loop on-shell parameters are shown. The effective parameters are obtained applying tree-level relations on the measured masses, while the on-shell parameters are defined by the elements of the one-loop corrected mass matrices. As the effective tree-level and the one-loop corrected chargino mass matrix have the same eigenvalues, this may imply sizeable corrections in the rotation angles ∆Φ L,R = Φ ) and an AMSB model (c = 11). We get large corrections for the bino-like neutralino due to the correction in Y 11 . This is forχ 
Conclusions
We have presented a detailed discussion of the chargino and neutralino mass parameters at one-loop level. The on-shell parameters M, µ and M ′ are properly defined by the on-shell mass matrix elements. We have shown that at one-loop level the values M and µ depend on whether they are determined from the chargino or neutralino system. We discussed the difference between the on-shell and the so-called effective parameters, which are obtained from observables, e.g. on-shell masses, inserted into tree-level relations. The corrections to the tree-level mass matrices in terms of the on-shell and effective parameters are discussed in different scenarios. The numerical analysis based on a complete one-loop calculation has shown that the corrections to the chargino and neutralino masses can go up to 10% and the change in the gaugino and higgsino components can be in the range of 30%. In addition, we have presented how a possible GUT relation for the parameters M and M ′ can be tested at one-loop level.
In the following we present the explicit formulas of all non-(s)fermionic self-energies for the neutralinos, charginos, W and Z bosons and the A 0 Z 0 -graphs in the MSSM. The (s)fermionic part can be found in the appendix of [11] . The two-point functions A 0 , B 0 , B 1 and B 00 [18] are given in the convention [19] . The neutralino and chargino mass matrix counter terms are [11] :
with the convention
Chargino self-energies 
Couplings
We used the abbreviations c W ≡ cos θ W , s W ≡ sin θ W , g Z ≡ g/c W , c αβ ≡ cos(α − β), s αβ ≡ sin(α−β), with α the mixing angle in the {h 0 , H 0 } system, and for the Higgs-fields
The coupling matrices are:
and The other used couplings are 
